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The Vermilion River Watershed located in Livingston 
County in Central Illinois provides for study of nutrient 
cycling in an agricultural environment. The watershed is 
bounded by county boundaries which allows for calculation of 
agricultural nutrient input and output. The study presented 
in this paper investigates concentration of the Nitrate (NO^) 
compound present in the Vermilion River and attempts to 
correlate increased agricultural related nutrient 
concentration present in river water and precipitation events 
during the Spring planting season in Central Illinois.
The Vermilion river was sampled prior to Spring 
agricultural planting activity and continued throughout the 
Spring planting season with sampling termination at the end 
of the month of Hay. In addition, sampling of the river was 
attempted on a weekly basis with emphasis on obtaining data 
which reflected significant Spring precipitation events.
Data gathered during this study produce three main 
cone 1 us i ons:
1. A direct correlation between significant 
precipitation events and elevated Nitrate 
concentrations in Vermillion river water provide 
evidence that agricultural Nitrogen is migrating from 
the application site, ultimately impacting Vermilion 
river water quality.
2. Nitrate flux or Nitrogen output in the Vermilion 
river drainage basin is greatly influenced by 
precipitation events in which a flushing event 
results in decreased Nitrogen concentrations in river 
water followed by an elevated Nitrogen concentration 
as the river stage decreases.
3. As the Spring planting season progresses the average 
concentration of Nitrate carried in the water drained 
by the Vermillion watershed increases over time as 
total rainfall accumulation increases regardless of 
flushing precipitation events which indicates a 
steady increase in Nitrogen flux in river water- 
discharge as the spring planting season progresses.
Note: The original study concept had intended to analyze
Phosphate (PO^ *) in Vermilion river water in addition to 
Nitrate. Due to a blocking problem encountered during 
the laboratory analytical procedure, unreliable 
Phosphate analytical data was obtained and the focus of 
the study was narrowed to Nitrate concentrations in 
Vermilion river water.
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Introduction
The Social, Political, and Economic pressures which fuel 
the global economy of today have placed tremendous 
environmental pressure on the finite natura1 resources which 
exist on planet earth today. The most fundamental and 
arguably the most vulnerable natural resource is water. In 
today’s technological environment great pressure is placed on 
the water resources of the world for production of goods and 
food. The impact of food production on water resources, and 
specifically Nitrate contained in agricultural fertilizers 
applied to fields to increase crop yields, and their impact 
on river water quality is the subject of this paper.
Sampling of Vermilion river water during the Spring 
agricultural planting season reveal that increased Nitrate 
concentrations are observed following significant 
precipitation events in Livingston County. It can be assumed 
that the increased Nitrate concentrations can be directly 
attributed to agricultural fertilizer applications due to the 
significant concentration increases combined with the timing 
of the spring planting season. Data from this study 
demonstrate that after a heavy rainfall, a "flushing” event 
occurs in which surface run-off combined with regional 
groundwater flow combine to dilute concentrations in sampled 
river water. This dilution episode is followed by an 
increase in river water Nitrate concentration and despite 
further "f lushing” events, the average concent rat i on over­
time increases indicating that Nitrate transport and 
migration within the environment continues providing there is
a source of excess Nitrogen and sufficient water for 
transport. A possible source for this excess Nitrogen is 
agricultural fertilizers which is not immediately absorbed by 
biological activity and is quickly transported through an 
environmental system.
Scope of Study
This study attempts to monitor the flux of Nitrate, the 
amount of Nitrate carried in river water in relation to the 
volume of water discharged from the river at a given time, 
and the relationship of this flux to regional precipitation 
events and spring agricultural activities.
The study of Nitrogen concentration variations was 
conducted along the Vermilion river which drains an 
agricultural watershed approximately bounded by Livingston 
County, Illinois and eventually empties into the Illinois 
river to the South. The river reach was surveyed using 
available maps and previous related study experience and the 
locations were chosen to provide data which was consistent 
with the urban and agricultural character of the study area. 
In addition sampling was conducted in locations along the 
river reach which effectively monitored the concentration 
levels of Nitrate as the river reach progressed from South to 
North and the sample locations attempted consistent intervals 
along the river reach as it progressed from headwater to 
tributary (see Fig. 1).
Sampling was attempted on a weekly basis throughout the 
early spring agricultural planting season with emphasis on
samples taken after significant precipitation events which 
may reflect Nitrate concentration fluctuations due to 
increased overland runoff and greater regional groundwater 
flow to the river drainage (see figure 2 for sampling dates).
Samples were collected directly from the Vermilion river 
using a grab sampling method. The water samples were placed 
on ice immediately and frozen as soon as possible to reduce 
biological activity in the water samples which may influence 
Nitrate concentrations before laboratory analysis could be 
conducted.
Sample set data which records the sample date, river 
stage, 4-day rainfall accumulation previous to the sample 
date, weather during sampling, and Nitrate concentrations at 
the various sampling locations, is compiled in the Nitrate 
data table in the data section of this paper.
Laboratory Methods
The method used to evaluate Nitrogen concentrations in 
the Vermilion river water samples was adapted from A Manual 
of Chemical and Biological Methods for Seawater Analysis, by 
Timothy R. Parsons, Yoshiaki Malta, and Carol M. Lalli. 
Previous laboratory analysis experience conducted on 
Vermillion river water using our chosen method indicated that 
Nitrate concentrations were greater than those designed for 
this procedure. Therefore a dilution step was added to the 
procedure which allowed for analysis of Nitrate 
concentrations using a calibration curve established using a 
known Nitrate concentration and a mathematical correction
calculation to match the curves.
Nitrate Analysis Methods
Nitrate analysis was conducted by preparing a 50 ml 
analytical sample which contained 1 ml of river water and 49 
ml of deionised water. As mentioned earlier the 
concentration of Nitrate in the river water was so great that 
a dilution step was necessary. 1 ml of concentrated amonium 
chloride was added to each 50 ml sample. The sample was next 
passed through a reaction column containing cadmium shavings 
and copper pellets. This step reduced the Nitrate (NO ) to 
Nitrite (NO ) as it passed through the column. To assure 
that all of the Nitrate was converted to Nitrite the final 25 
ml of solution to pass through the column was retained for 
analysis. 0.5 ml of Sulfanilmide solution was added to the 
reduced sample immediately, and within 2 to 8 minutes 0.5 ml 
of dihydroch1 oride was added to the sample. Upon addition of 
the dihydroch1 oride the sample turned a radiant pink color. 
The sample was then allowed to react for 15 minutes to assure 
that a complete reaction had occurred allowing for analysis 
of the sample using a photospectrometer calibrated to a 
wavelength of 543 nanometers. The photospectrometer analysis 
sends a beam of light with a known wavelength through the 
sample containing pink dye, producing an absorption number 
value which can be matched to the calibration curve described 
below.
Nitrogen Calibration Curve
To produce the calibration curve which allowed for
I. i r i ca t ion of unknown Nitrate concentrations in Vermilion 
river water, standard Nitrate samples of known concentrations 
were prepared using the methods described above and analyzed 
using the photospectrometer calibrated to 543 nanometers.
The absorption number produced by the standard Nitrate 
solutions were plotted on a graph versus the known Nitrate 
concentration. This plot produced a curve which was used to 
compare absorption numbers produced by Vermilion river- 
water samples of unknown Nitrate concentration to determine 
actual Nitrate concentration in the river water. It should 
be noted that standard Nitrate samples were prepared for each 
sample set analyzed producing a unique calibration curve for 
each sample set analyzed. This method assured that the 
reduction column used for Nitrate analysis was working 
properly and that accurate and reliable Nitrate data was 
collected (see calibration curves in data section).
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2/21/95 LOW WATER VERY 
<ZL<£P^
0.00 CLEAR 8.6 8.8 8 .4 7 ,0 - - 8.2.
3 /9/95 MED. M UDDY BRN. 0,34 CLEAR 8.5 7 .4 10.5 6.1 8.6 9.0 8 .5
3/14 /9 5 MED. M UDDY BRN. 0.00 CLEAR 9.9 10.1 11.0 9.1 - - 10.0
3/21/95 MED./LOW GRN./BRN. 0.16 CLEAR 10.3 10.1 12.6 10.0 — - 10.7
3/28/95 - - 0.61 - 10.0 10.0 10.5 - 11.0 10.7 10.4*
4/11/95 MED./HIGH MUDDY BRN. 3.54 RAIN 7 .4 8 .0 8 .0 8 .8 7.5 7.2 7 .8
4 /1 3 /9 5 VERY HIGH VE R Y  BRN. 2.30 CLEAR 11.2 10.2 8.1 9.3 7.9 8.2 V I
4 /20 /9 5 MED. M UDDY BRN. 0.45 MISTY 13.7 11.2 11.6 11.6 11.7 12.8 12.1
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NITROGEN CALIBRATION CURVE DATA






18. 13 0. 713
RIVER WATER ABSORPTION DATA
DATE/
LOCATION
NITROGEN CONCENTRATION C rag/L) ABSORPTION
2/21/95 
29TH ST. BR. 7.0 0.440
0.428
RTE. 17 BR. 8.4 0.502
0.508
15TH ST. BR. 8.8 0.541
0.536
LOWELL BR. 8.6 0.508
0.459
NITROGEN CALIBRATION CURVE DATA







RIVER WATER ABSORPTION DATA
DATE/
LOCATION
NITROGEN CONCENTRATION (mg/L) ABSORPTION
3/9/95 
14TH ST. BR. 9.0 0. 515 
0.563
18TH ST. BR. 8.6 0.540
0.513
29TH ST. BR. 6. 1 0.378
0.383
RTE. 17 BR. 10.5 0. 625 
0.620





NITROGEN CALIBRATION CURVE DATA






RIVER WATER ABSORPTION DATA
DATE/
LOCATION
NITROGEN CONCENTRATION (mg/L) ABSORPTION
3/14/95 
29TH ST. BR. 9. 1 0.556
0.542
RTE. 17 BR. 11.0 0.312
15TH ST. BR. 10. 1 0.615 
0. 588
LOWELL BR. 9.9 0.607
0.580

NITROGEN CALIBRATION CURVE DATA













RIVER WATER ABSORPTION DATA
DATE/
LOCATION
NITROGEN CONCENTRATION (mg/L) ABSORPTION
3/21/95 
29TH ST. BR. 10.0 0.568 
0. 615
RTE. 17 BR. 12.6 0.716
0.775
15TH ST. BR. 10. 1 0.634
0.598
LOWELL BR. 10.3 0.622
0.601
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NITROGEN CALIBRATION CURVE DATA






18. 13 0. 768
RIVER WATER ABSORPTION DATA
DATE/
LOCATION
NITROGEN CONCENTRATION Cmg/L) ABSORPTION
4/11/95 
14TH ST. BR. 7.2 0.433
0.445
18TH ST. BR. 7.5 0.458
0.459
29TH ST. BR. 8.8 0.516
0.525
RTE. 17 BR. 8.0 0. 498 
0.484
15TH ST. BR. 8.0 0. 492 
0. 496
LOWELL BR. 7.4 0. 448
0.454
V 'V
NITROGEN CALIBRATION CURVE DATA
DATE NITROGEN CONCENTRATION (umol/L) ABSORPTION #
4/13/95 36.27 1.430
36.27 1.417




RIVER WATER ABSORPTION DATA
DATE/
LOCATION
NITROGEN CONCENTRATION Cmg/L) ABSORPTION
4/13/95 
14TH ST. BR. 8.2 0.497
0.510
18TH ST. BR. 7.9 0.459
0.489
29TH ST. BR. 9.3 0. 558 
0.556
RTE. 17 BR. 8. 1 0. 479 
0.498
15TH ST. BR. 10.2 0.579
0.616
LOWELL BR. 11.2 0.664
0. 652

NITROGEN CALIBRATION CURVE DATA













RIVER WATER ABSORPTION DATA
DATE/
LOCATION
NITROGEN CONCENTRATION (mg/L) ABSORPTION
4/20/95 
14TH ST. BR. 12.8 0.756 
0. 734
18TH ST. BR. 11.7 0.758
0.691
29TH ST. BR. 11.6 0.682
0.683
RTE. 17 BR. 11.6 0.667
0.689
15TH ST. BR. 11.2 0.640
0.669
LOWELL BR. 13.7 0.782
0.791
Cone 1 us i ons
Evaluation of data collected during the study produces 
three main conclusions. First, data indicates that high 
quantities of Nitrogen are migrating through the Vermilion 
river watershed. The source of this Nitrogen, agricultural 
fertilizer applied to crop lands in Livingston County, is 
transported from the application site through the system by 
overland and regional groundwater flow and is impacting the 
Vermilion river. The data gathered demonstrates a hydrologic 
cycle where a precipitation event begins a flushing process 
in which increased overland flow followed by groundwater flow 
elevate Vermilion river discharge volume. The initial 
increase in river discharge "dilutes" the river water as 
surface runoff, low in dissolved Nitrogen, moves through the 
system quickly and raises the river stage as a surge. After 
this initial surge event has moved through the system, return 
flow to the river supplied by groundwater recharge becomes 
the main drainage mechanism in the system drainage.
Coinciding with this process is a significant increase in 
Nitrate concentration in the river water (see figure 2 & 5). 
In addition, any residual Nitrate collected in surface runoff 
moves through the system quickly and is carried out of the 
drainage with the initial flushing surge. It is evident that 
the second transport mechanism, groundwater flow, produces 
the elevated Nitrate concentrations as the higher 
concentrations occur after the surface runoff surge has moved 
through the system. Higher Nitrate concentrations coupled 
with a lower river stage following the surge event are
evidence that regional groundwater flow is carrying the 
Nitrate through the hydrologic system and that sufficient 
excess Nitrogen provided by agricultural fertilizers and a 
transport mechanism, precipitation, drive a nutrient 
migration process in the Vermilion river hydrologic system* 
This process is severely impacting Vermilion river water.
The second conclusion observes that Nitrate flux in the 
Vermilion river watershed is greatly controlled by 
precipitation events. Two important relationships are 
recognized when precipitation events, river water Nitrate 
concentrations, and river discharge are considered.
First, there is an inverse relationship between discreet 
precipitation events and Nitrate concentrations in Vermilion 
river water (see figure 5). After a significant rainfall 
event, the concentration of Nitrate carried in river water 
sharply drops. As previously stated, increased river 
discharge occurs, diluting the river water due to rapid 
surface runoff and overland flows.
The second relationship demonstrates that a proportional 
relationship exists between discreet precipitation events and 
Nitrate flux in Vermillion river water. As the river stage 
rises after a rainfall Nitrate concentrations drop but the 
river discharge increases, maintaining or increasing the 
actual Nitrate flux in the river discharge. As the river 
stage drops while the drainage dewaters, the Nitrate 
concentrations increase, also maintaining or increasing 
Nitrogen flux in the drainage. These increased Nitrogen
fluxes parallel precipitation events within the watershed and 
demonstrate that excess Nitrogen will migrate through the 
system with the above mentioned transport mechanisms present.
The third conclusion reveals that average Nitrogen 
concentrations in Vermilion river water increases as the 
spring agricultural planting season progresses with peak 
average Nitrate concentrations observed on April 25th (see 
figure 6). The steady rise in concentration levels along the 
study reach, with a peak average concentration of 12.7 mg/L 
on April 25th, are only interrupted by rainfall flushing 
events in which concentrations temporarily drop. This 
average increase indicates that agricultural Nitrate input 
is providing a source of excess Nitrogen which allows for 
migration through the hydrologic system, ultimately impacting 
Vermilion river water. As Nitrate application slows later in 
the planting season, the average concentrations begin to drop 
(see figure 6). This may be due to decreased rainfall and 
reduced fertilizer application as well as greater crop cover.
It is evident that Nitrate concentration fluctuations 
correspond to greater agricultural activity in the Spring 
planting season and this increased activity parallels 
increased Nitrate concentrations in Vermilion river 
water.
A final observation noticed when evaiuati n u  ; a. 
concentrations along the study reacn is . r-• s,, - - a . 
var i at i ons in Nitrate cc ..e; ■ si , e . -
I i j i. I i i n i n
r. - . ..inn:;. On l.;i p r n:; i: n 1.1 :ti in this study
dm;:; mil. [iniviiie an acute example of this but average 
concentrations do decrease as much as 7% when 
upstream/downstream Nitrate values are compared at urban 
sampling locations (see figure 2). On the whole. Nitrate 
concentration variation along the reach did not vary 
significantly with one exception. Examination of figure 4, 
Nitrogen concentration through time at the various sampling 
locations, reveals that a relatively large concentration 
variation, approximately 10%, between the 29th street bridge 
and the downstream Route 17 bridge. The concentration 
difference becomes even more significant when the short 
distance between the locations, approximately 1 mile, is 
considered. This location serves as a hot spot. Reasons for 
such high concentration variation at this location may vary 
but a possibility may be excess agricultural fertilizer 
applications in close proximity to the sampling interval.
In conclusion it is evident that agricultural 
application of commercial nutrients combined with significant 
spring precipitation events directly impact the Vermilion 
river drainage and reduce water quality. Agricultural 
Nitrogen is migrating from the application site through the 
hydrologic system and ultimately impacting the Vermilion 
river. The amount of Nitrogen passing through the system is 
influenced by commercial application, precipitation, surface 
water and groundwater drainage characteristics of the region, 
as demonstrated by the increase in volume of Nitrogen
discharged from the Vermilion river drainage system as the 
Spring agricultural planting season progresses* Further- 
related study will allow better understanding of the nutrient 
behavior in a hydrologic system but the data collected in 
this study provides ample evidence that the factors mentioned 
above combine to impact the Vermilion river watershed and 
severely reduce its water quality.
APPENDICES
M IDW ESTERN
S ta t io n : (116 526 ) 0TTAWA_4_SW 
Y ear: 1995
Elem ent: P r e c ip ita t io n  (in)
Day Ja n Feb Mar Apr May Jun J u l Aug Sep Oct Nov Dec
1 0 0 0 0 0 0m 0 .65 Om Om Om Om
2 0 0 0 0 0 .05 0 0m Om Om Om Om
3 0 0 0 0 0 .65 0 0m Om Om Om Om
4 0 0 0 .05 0 0 0 0m Om Om Om Om
5 0 0 .1 8 0 0 0 .87 0m Om Om Om Om
6 .08 0 0 0 0 0 0 0m Om Om Om Om
7 .05 .02 .30 0 0 .4 1 0 0m Om Om Om Om
8 0 .0 1 • 04 .45 .76 0 0 0m Om Om Om Om
9 0 0 0 1 .2 7 1 .2 4 0m 0 0m Om Om Om Om
10 0 0 0 .53 -1 ? .65 0 0m Om Om Om Om
1 1 0 0 0 1 .2 5 .08 0 0m 0m Om Om Om Om
12 .02 0 0 .52 6 0 0 0m Om Om Om Om
13 .08 0 0 0 . 1 1 0 0 0m Om Om Om Om
14 1 .9 0 0 0 0 .3:8 0 0 0m Om Om Om Om
15 0 0 0 0 0 0 0m 0m Om Om Om Om
16 0 0 0 0 0 0 0m 0m Om Om Om Om
17 0 0 0 0 . 1 1 0 0m 0m Om Om Om Om
18 0 0 0 .4 1 . 1 1 0 0 0m Om Om Om Om
19 .56 0 0 0 . 1 1 0m 0m 0m Om Om Om Om
20 .22 0 . 1 5 .04 0 0 0 0m Om Om Om Om
2 1 0 0 .0 1 .09 0 0 .38 Om Om Om Om Om
22 .02 0 0 0 0 0 0 Om Om Om Om Om
23 .04 0 .26 0 .19 O' 0m Om Om Om Om Om
24 0 0 0 0 1 . 1 5 0m .53 Om Om Om Om Om
25 0 0 0 .06 .24 .17 0 Om Om Om Om Om
26 0 0 .05 0 0 .06 . 1 1 Om Om Om Om Om
27 0 .57 .56 1 . 1 3 .05 .1 3 . 1 5 Om Om Om Om Om
28 .06 0 0- 0 2 .06  ' .05 .42 Om Om Om Om Om
29 0 0 0 0 .02 0 Om Om Om Om Om
30 0 0 .25 0 0m 0 Om Om Om Om Om
3 1 0 .03 0 0 Om Om Om
Sum 3 .0 3 0.60 1 .5 8 6.05 6.78 2 .19 2.46 Om Om Om Om Om
*** T h is  s t a t io n  re p o r ts  a t  8:00 a.m. T h e re fo re , the d a ta  re p re se n t  what 
o ccu rred  during th e 24 hours ending a t  8:00 a.m. on the g iv e n  d a te .
The Midwestern Climate Center is a cooperative program of the Illinois State Water Survey (Illinois Department of Energy and Natural Resources) 
and the National Weather Service (National Oceanic and Atmospheric Administration, U.S. Department of Commerce)
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